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Abstnict: Research on multifactor productivity in the input-output field has gained significant interest throughout several 
previous decades. However, a significant limitation in previous productivity research is that the flow of capital goods is not 
addressed. This paper aims to develop a new productivity measurement model for the international comparison of the real 
estate sector based on the newly published OEeD input-output database, given the impacts of capital. Three multi factor 
productivity indicators are formulated using the ratio of the sectoral final demand to value added, the intermediate output to 
intermediate input and the total output to total input effect respectively in the input-output table. Historical analyses and 
comparisons are also carried out to indicate the differences of productivities of the real estate sectors in seven selected 
countries as considering capital as an intermediate factor. Findings can improve understanding of how technological, 
organisational and policy influences combine to affect productivity growth and aid the policy makers, real estate agencies 
and researchers in evaluating the competitive ability of real estate sector. 
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1. INTRODUCTION 
Early research efforts formulated productivity measurement in a production function context. Diewert [I] 
developed the production theoretical approach to measure productivity and integrated the theory of the firm, 
index number theory and national accounts. The multifactor productivity concept was adopted and a set of 
formulae were developed for multifactor productivity after assuming competitive input market and constant 
returns to scale in production. The research led to the publication of multifactor productivity measures by the 
USA government in 1983. Jorgenson et al. [2] linked these formulae to the economic growth via investigating the 
relationship between productivity and post-war USA economic growth. In the area of real estate, Gullickson and 
Harper [3J carried out a productivity analysis in the real estate sector and concluded that the multi factor 
productivity trend is a better indicator of tracing technical change, identifying efficiency and inefficiencies and 
recognizing economies scale of a sector. Parham [4] investigated the multifactor productivity of all industries 
including real estate in Australia from 1964 to 1999 and commented that complementary research at the 
aggregate, industry and micro level is needed. Durand and Vezina [5] worked out the real estate's productivity in 
Canada from 1961 to 1997. 
Research on multi factor productivity in the input-output field has gained significant interest throughout 
several previous decades [6]. Relatively little work has been done on the international comparison of real estate 
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productivity[7]. This is partly because the real estate productivity is strongly affected by the institutional 
organization, the legal framework and cultural preferences within each country [8]. For instance, the Australian 
real estate sector contained 6216 agents, 463 property-valuing businesses, 481 conveyancing businesses and 9 
government valuer general organisations with reference to the real estate services industry survey by the 
Australian Bureau of Statistics in 1999 [9]. The complexities of the measurement problems are obvious. On the 
other hand, the lack of usable data has also hindered empirical research on international comparative of 
productivity of the real estate sector. Recently, however, the availability of international data on the sector has 
allowed for much more rigorous analysis of this field. The Organisation for Economic Co-operation and 
Development (OEeD) input-output database, which is the most comprehensive database so far, provides 
appropriate multinational economic data [101. 
Most importantly, a significant limitation in previous productivity research is that the flow of capital goods 
is not addressed [1l,12]. Previous studies based on the standard input-output model did not involve the effect of 
capital [Ill. In other words, previous productivity research has treated capital as a primary factor of production 
because the capital goods are classified as final goods in most national income accounts and a standard 
input-output table therefore does not include the information about the sectoral distribution of capital goods 
produced in a given year Ill]. More importantly, based on an approach which treats capital as a primary factor of 
production, previous research tends to underestimate the rate of technical progress of production [13,14/ and their 
productivity. 
This paper aims to develop an input-output table perspective for the multifactor productivity measurement 
of the real estate sector with the consideration of capital. The impact of capital first will be considered in a 
standard input output table. Then a series of multifactor productivity indicators are developed and tested based 
on the newly published OECD input-output database. The last section sums up and concludes on this research. 
2. RESEARCH METHODS 
This paper aims to develop a new productivity measurement model for the international comparison of the 
real estate sector based on the newly published OECD input-output database, given the impacts of capital. The 
new model first considers the impact of capital based on a standard input-output model. Then, three multifactor 
productivity indicators are formulated. 
2.1 The consideration of capital impact 
The basic idea includes two steps. The first step extends the intermediate matrix from n sectors to n+ 1 
sectors while considering capital as an intermediate production factor. The second step aggregates the n+ 1 
sectors table into an n sectors table. The first step assumes that the gross fixed capital formation undertaken by 
each sector represents the flow of capital goods required to maintain the industry on its current growth path. 
Since the gross fixed capital formations are known, the input-output matrix is augmented by additional rows and 
columns. Starting with a standard input-output table, an economy consists of n sectors and the basic balance 
equation of the Leontief model can be shown as: 
(I-A)X=Y (1) 
where I denotes the identity matrix, X denotes a vector of gross output, A denotes the matrix of technical 
coefficients (nxn) and Y denotes a vector of final demand. Following Wolff [15], the augmented technical 
coefficients matrix A «n+l) x(n+l)) can be expressed as: 
(2) 
where the vector C denotes the coefficients of the gross capital formation vector in final demand and the 
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vector K denotes the actual increase in gross capital stock per unit of output in each sector. The modified final 
demand and gross output can be expressed as: 
The modified final demand: 
(3) 
The modified gross output: 
(4) 
Thus, the augmented input-output model (n+ 1 sectors) can be expressed as: 
(I-A)X=Y (5) 
or 
(6) 
Step two is an aggregation procedure which tries to aggregate the n+ 1 sectors table into an n sectors table. 
From Eq (6), resolving X in terms of Y gives: 
(7) 
Matrix B is the inverse matrix of (1 - A) and it is partitioned in conformity with the partitioning of 
(I - A) in Eq. (6). 
So, Eq. (7) can be split in two: 
(8) 
(9) 
Multiplying both sides of (8) by B11 -
1
, then gives: 
(10) 
Eq. (10) can be re-written as: 
(/ - ~ 1* )XI = ~* (11) 
- * - -1 -* - - -1- -
where All = 1 - Bll ' Y1 =:r; + Bll B12Y2 • Eq. (11) is considered a reduced version of the 
original system. The relationship between elements of the reduced and the original matrix is displayed clearly if 
-* A is expressed directly in terms of the elements of the partitioned matrix A : 
(12) 
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Because Y2 = 0, from Eqs. (2), (3) and (12), Eq. (11) can be expressed as: 
[I - (A + CK)]X = Y - C(KX) (13) 
Thus, a new input-output model is created. The new model resolves the two shortcomings mentioned 
above. As can be seen, on the right hand side of Eq. (13), the capital item is deducted from the final demand Y 
and is added to the technical coefficients matrix A. The difference between the new system (13) and the original 
system (I) is that the new system considers the capital as an intermediate factor and treats capital as an 
intermediate input, whereas the original system treats capital as a primary input. The difference between the 
new system (13) and the augment system (5) is that the new system comprises n sectors, whereas the augment 
system comprises n+ 1 sectors. The new technical coefficients matrix (A+CK) reflects implicitly the input 
requirements of capital. In fact, the matrix describes the combination of the original intermediate inputs and 
capital input directly and indirectly. For example, the construction column of the new matrix not only 
includes the amount of original intermediate inputs to produce a unit of construction, but also the amount of 
capital required. Thus, capital makes sense as one tries to explore the direct linkages between the construction 
sector and other sectors. Moreover, the new matrix also reflects the technological characteristics of all the 
other sectors including the capital sector. 
2.2 Formulation of the multifactor productivity 
The multifactor productivity framework based on the input-output table, which measures the changes in 
output per unit of combined inputs, is well suited to calculate the productivity of the real estate sector because it 
allows accounting for capital inputs and for intermediate flows between industries [3]. Mathematically, the 
multifactor productivity is a ratio, which could be used to measure the efficiency in utilization of each 
production inputs. With the multi factor productivity indicator, industry and sectoral productivity trends can be 
compared and analysed. Multifactor productivity measures can be computed for two different representations of 
the production process. One is a measure of gross output in relation to primary and intermediate inputs. Another 
relates value added to primary inputs [16]. In this paper, the two representations are combined. In the context of 
input output, the gross outputs produced by the real estate services, include selling, letting and acquisition of 
properties, property rental payments service and other property management and related professional services. 
These services are mainly provided to the property owners or prospective purchasers or renters and the dollar 
value of these services is measured in terms of the fees and commission earned. The inputs of the real estate 
sector include value added and intermediate inputs. The value added represents the utilization of the factors of 
production such as labour, capital, land and the incomes of various factors of production for instance wages, 
profit, interest and rent. These resources represent indirect input of the real estate sector. The intermediate inputs 
are direct input from other sectors. Combining these input and output variables, a series of multifactor 
productivity indicators are developed in this research. 
Given the impact of capital, the multifactor productivity indicators are developed to represent the mutual 
effect between the real estate sector and other sectors, including the sectoral productivity, the intermediate 
sectoral productivity and the aggregate productivity. 
Sectoral Productivity= Y; I \tj 
Intermediate Productivity= X;.JKj 
Aggregate Productivity = [N(l-Ar1Y;)]/[N(I-Gr1*\tj] 
where G denotes direct output coefficients matrix (nxn). 
3. MULTIFACTOR PRODUCTIVITY INDICATORS 
(14) 
(15) 
(16) 
Three multi factor productivity indicators are developed in this research based on the new input output table. 
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The sectoral productivity indicator is for measuring the gross influence of the real estate sector, the 
intermediate productivity indicator measures the efficiency of the intermediate output of real estate and the 
aggregate productivity indicator presents the total efficiency of the real estate sector production, given the 
impact of capital. 
The OECD input-output database, which is published by the Economic Analysis and Statistics Division of 
the OECD, provides appropriate multinational economic data [17]. This is the most comprehensive database for 
comparing the construction sectors internationally so far [18,19]. According to the OEeD classification, the OECD 
input-output tables comprise 36 industries (sectors) and the construction sector is one of 36 sectors. Using the 
OECD input-output table, the new model is employed to analyse the multifactor productivity of the real estate 
sector of Australia, Canada, Denmark, France, Japan, Netherlands, and United States over 20 years. Following 
Pietroforte and Gregori (18), the examined period is divided into five comparative periods: early-1970s 
(1970-1972), midllate-1970s (1975-1978), early-1980s (1980-1982), mid-1980s (1985-1986) and late-1980s 
(1989-1990). 
3.1 Sectoral productivity indicators 
The sectoral productivity is a measure of the gross influence of the real estate sector on all industrial 
sectors. It indicates the sectoral final demand to value added ratio, given the impact of capital. The value added 
consists of salaries, wages, capital consumption allowances, profits, net interest charges and taxes, and the final 
demand consists of the demands of households and governments and exports demands. The indicator shows the 
capital employed efficiencies and the productive level of a sector in an economy. A higher value means a higher 
capital employed efficiencies and higher productive level. Table 1 shows the sectoral productivities of seven 
selected countries over the study period, which are calculated from Eg. (14). 
Table 1. Sectoral productivity indicators 
Earl:r:-1970s MidlLate-1970s Earl:t-1980s Mid-1980s Late-1980s 
Australia n/a n/a n/a 0.90 0.78 
Canada 0.50 0.50 0.46 0.42 0.40 
Denmark LOO 1.02 1.00 0.97 0.92 
France n/a n/a 0.73 0.77 0.70 
Japan 0.76 0.72 0.71 0.71 0.74 
Netherlands 0.93 0.91 0.90 0.86 n/a 
USA 0.66 0.70 0.65 0.83 0.63 
Average 0.77 0.77 0.74 0.78 0.70 
The productivity illustrates a relationship between primary inputs utilised and final outputs produced by the 
real estate sectors. The sectoral productivity of every country is comparatively stable until the mid 1980s. Then, 
due to declining housing demand and property values, reduced volume of transaction and hard to access capital 
over the late of 1980s, the sectoral productivities of real estate sectors decreased dramatically. The real estate 
sector of Canada had the lowest sectoral productivity, which was due to small final demand and large imports 
and the whole real estate sector was monopolised by the import service businesses. Whereas the Danish real 
estate sector had the largest sectoral productivity with a higher final demand and lower value added. 
3.2 Intermediate productivity indicators 
The intermediate productivity indicator denotes the intermediate output to input ratio in the real estate 
sector, given the impact of capital. It represents the amount of product created by one unit of a group of factors 
of production over a stated period as shown in Eg. (15). Table 2 shows the intermediate productivities for the 
real estate sectors of seven selected countries. Increases in productivity come from increased efficiency on the 
part of inputs. From the output perspective, most of the output of real estate flows into the final demands, i.e. 
private domestic consumption and government consumption. On the other hand, the input of real estate focuses 
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on the capital and labour input with a relatively technical level. Therefore, it is reasonable that the real estate 
sector has a wholly lower intermediate productivity than sectoral productivity. Over the examined period, except 
for Denmark and Canada, the intermediate productivity of other countries located on a narrow band from 40% 
to 80%. The real estate sector of Denmark had the highest intermediate productivity with a higher intermediate 
output and lower intermediate input. The real estate sector of Canada had the lowest intermediate productivity 
with the lower output, smaller final demand and larger imports. 
Table 2. Intermediate productivity indicators 
Early-1970s MidlLate-1970s Early-1980s Mid-1980s Late-1980s 
Australia nla nla nla 0.76 0.59 
Canada 0.29 0.25 0.26 0.32 0.33 
Denmark 1.01 1.06 1.01 0.92 0.84 
France nla nla 0.56 0.59 0.59 
Japan 0.57 0.54 0.49 0.53 0.64 
Netherlands 0.71 0.66 0.63 0.57 nla 
USA 0.49 0.48 0.43 0.45 0.52 
Average 0.61 0.60 0.56 0.59 0.58 
3.3 Aggregate productivity indicators 
The aggregate productivity indicator represents the ratio of the output multiplier multiplying final demand 
of the real estate sector to the input multiplier multiplying value added, given the impact of capital. Table 3 
shows the aggregate productivities of the real estate sectors in seven countries as per Eq. (16). The output 
multiplier shows the effect of one monetary unit change in final demand of the real estate sector on total output 
of all other sectors. The output multiplier multiplying final demand shows the total effect of change in final 
demand of the real state sector. The input multiplier represents the effect of one monetary unit change in value 
added by the real estate sector on total input of all other sectors and is a symbol of technical relationships 
between sectors at a particular moment in time. The input multiplier multiplying value added represents the total 
effect of change in value added by the real estate sector. The aggregate productivity measures the total 
efficiency of industry production resulting from all final demand sales by the industry [20]. A higher value means 
the higher outputs such as reduced cost, improved service and increased volume or lower (efficient) inputs for 
instant materials, human resources and manage systems in the real estate sector [21]. Two distinct groups of 
countries can be observed: Australia, Denmark, and the Netherlands with a relatively higher aggregate 
productivity from 66% to 106% and the remaining countries with lower ones from 20% to 60%. 
Table 3. Aggregate productivity indicators 
Early-1970s MidlLate-197 Os Early-1980s Mid-1980s Late-1980s 
Australia nla nla nJa 0.81 0.66 
Canada 0.27 0.25 0.24 0.24 0.23 
Denmark 1 1.06 1.01 0.96 0.87 
France nla nla 0.56 0.6 0.53 
Japan 0.62 0.55 0.54 0.54 0.61 
Netherlands 0.84 0.82 0.78 0.72 nla 
USA 0.5 0.52 0.45 0.65 0.48 
Average 0.65 0.64 0.6 0.64 0.56 
3.4 Spearman rank correlation coefficient testing 
Further, the inter-relationship among the sectoral, intermediate and aggregate productivity indicators should 
be investigated to decide the reasonableness of the three indicators because no previous research had 
investigated these indicators based on the input output table. In order to explore the association relationship, the 
Spearman Rank Correlation Coefficient eRs) are used to measure if there are any notable differences in rankings 
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of these indicators in the following part of this section [22]. The three indicators are ranked and the Rs of every 
two indicators are worked out. If the Spearman Rank Correlation Coefficient is significant at the level of 
probability<0.05, the correlation between the two indicators being compared is evidenced. If insignificant, the 
two compared indicators are not associated. A two-tailed test is adopted due to the small sample. Table 4 
presents the results of the compared ranking of sectoral, intermediate and aggregate productivity indicators. 
Table 4. Spearman rank correlation coefficient analysis results 
Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s 
Sample number 5 5 6 7 6 
Sectoral/Intermediate 1.00 l.00 1.00 0.82 0.94 
Intermediate/Aggregate 1.00 l.00 1.00 0.82 0.94 
Aggregate/Sectoral 1.00 1.00 1.00 1.00 l.00 
As expected, comparison results suggest that there are a perfect association (Rs=l.OO) among the three 
indicators in the early-1970s, mid/late-1970s and early-1980s. Moreover, the correlation coefficients of 0.82 
and 0.94 also suggest a substantial positive association between the sectoral, intermediate and aggregate 
productivity indicators in the mid-1980s and late-1980s. This supports the claim that the three indicators are 
coherent and reliable to some extent. On the other hand, the results mean that the developing levels of real estate 
productivity are stable for every country during the study period and variations of structure of real estate 
productivity are also relatively stable. 
4. CONCLUSIONS 
Based on the newly published OECD input-output database this research develops a new productivity 
measurement model based on the input-output tables for the international comparison of the real estate sector, 
given the impact of capital. A new input-output model is proposed with the impact of capital and three 
multifactor productivity indicators are developed and tested. Three multifactor productivity indicators are 
formulated using the ratio of the sectoral final demand to value added, the intermediate output to input and total 
output to input effect respectively in the input output table. The sectoral productivity measures the gross 
influence of a sector on all industrial sectors. The intermediate productivity indicator denotes the amount of 
product created by one unit of a group of factors of production over a stated period. The aggregate productivity 
denotes the total efficiency of industry production resulting from all final demand sales by the industry. 
Moreover, rank correlation test suggests a substantial positive association between among the sectoral, 
intermediate and aggregate productivity indicators over the study period. Additionally, historical analyses and 
comparisons are also carried out to indicate the differences of productivities of the real estate sectors in seven 
selected countries over the study period, given the impact of capital. Findings can improve understanding of 
how technological, organisational and policy influences combine to affect productivity growth and aid the 
policy makers, real estate agencies and researchers in evaluating the competitive ability of real estate sector. 
REFERENCES 
[1] Diewert, W.E. (1976), "Exact and superlative index numbers" Journal of Econometrics Vol 4, No.2, pp.115-146. 
[2] Jorgenson, D.W., Goilop, F.M. and M, F.B. (1987) Harvard University Press, Cambridge. 
[3] Gullickson, W. and Harper, MJ. (1999), "Possible measurement bias in aggregate productivity growth" Monthly Labour 
Review, Vol 1999, No.2, pp.47-67. 
[4] Parham, D. (2004), "Sources of australia's productivity revival" The Economic Record Vol 80, No. 249, pp.239-257. 
[5] Durand, R. and Vezina, S. (2003), " The Performance of Service Industries in Canada: a Real Value Analysis" Economic 
System Research Vol 15, No.1, pp.2l-50. 
2966· .. · .... ··· .. · .. ··The Sixth Wuhan International Conference on E-Business - Innovation Management Track 
[6] Liu, C. and Song, Y. (2004), "Comparison of multifactor productivity indicators for real estate sectors using the OECD 
input-output database" Pacific Rim Property Research Journal Vol 10, No.4, pp.487-507. 
[7] Song, Y. and Liu, C. (2005), "Economic Performance Analysis of the Australian Property Sector in the 1990s Using the 
Input-output Tables" Pacific Rim Property Research Journal Vol 11, No.4, pp.4l2-415. 
[8] Ark, B.V. and Monnikhof, E. (1999), "Productivity in services: an international comparative perspective" Canadian Journal 
of Economics Vol 33, No.2, pp.471-499. 
[9] ABS (2000) in: CAT. No.8663.0 Australian Bureau of Statistics, Canberra. 
[10] Song, Y., Liu, C. and Langston, C. (2005), "A linkage measure framework for the real estate sector" International Journal 
of Strategic Property Management Vol 9, No.3, pp.l2l-143. 
[11] Bon, R (2000), Economic Structure and Maturity: Collected Papers in Input-Output Modelling and Applications, Ashgate 
Publishing Ltd, Aldershot. 
[12] Song, Y., Liu, C. and Langston, C. (2006), "Extending construction linkage measures by the consideration of the impact 
of capital" Construction Management and Economics, (In press). 
[13] Peterson, W. (1979) in: The Measurement of Capital: Theory and Practice (Patterson, KD. and Schott, K., Eds.) The 
Macmillan Press Ltd, London. 
[14] Rymes, T.K (1971) Cambridge University Press, UK 
[15] Wolff, E.N. (1994), "Productivity measurement within an input-output framework" Regional Science and Urban 
Economics Vol 24, No.1, pp.75-92. 
[16] OECD (2001) Organisation for Economic Co-operation and Development, Paris. 
[17] OECD (1995) Organisation for Economic Co-operation and Development, Paris. 
[18] Pietroforte, R and Gregori, T. (2003), "An input-output analysis of the construction sector in highly developed 
economies" Construction Management and Economics Vo121, No.3, pp.319-327. 
[19] Liu, c., Song, Y. and Langston, C. (2005), "Economic indicator comparisons of multinational real estate sectors using the 
OECD input-output database" The International Journal of Construction Management Vol 5, No.1, pp.59-75. 
[20] West, G.R (1999) Department of Economics, University of Queensland, Brisbane. 
[21] SCRCSP (1997) Steering Committee for the Review of Commonwealth/State Service Provision, Canberra. 
[22] Levin, RI. and Rubin, D.S. (1998) Prentice-Hall International, Inc., Sydney. 
The Sixth Wuhan International Conference on E-Business - Innovation Management Track· .. · ........... , .. 2967 
